The finite electron mean free path of conduction electrons is found to play an important role in determining spin-flip scattering rates, 1/r, t, near a magnetic critical point. Small-momentum-transfer processes are suppressed and the temperature dependence of 1/r, t is dominated by large-momentum scattering. For T& T"1/r,t is monotonically increasing and its leading singular temperature dependence varies as t where t = (T T, )/T, . -This temperature dependence is also present for T ( T"but for Heisenberg sys- Richard and Geldart' in transport problems, turns out to have dramatic consequences for the scattering rate. The essential point is that even though electron scattering from phonons and static defects does not cause spin flips (in the usual model), all non-spin-flip scattering enters spin-flip transition rates even if the latter is treated in the Born approximation. The simplest way to take this into account is to write a Dyson equation for the electron self-energy X (k, itp") = Xp(k, it0")+ X,t(k, itp") here XD is due to all non-spin-flip processes, including scattering from static defects and phonons, X,f is the spin- For initial simplicity, restrict attention to the paramagnetic state (T) T, ) and use the quasielastic approximation. That is, the time scale for localized spin fluctuations near T, is much larger than any other (electronic) time scales, so that Dk "(its"-ice ) is sharply peaked about t0 =to".Then only SaP (itu") is imPortant in Eq. (1) and, after analytic continuation to real frequencies, the spin-flip scattering rate is obtained from the imaginary part of the corresponding self-energy for electrons on the Fermi surface23 (p = kF, tp = 0):
The standard theoretical model used to describe the required spin-flip relaxation time is that of de Gennes and Friedel, ' in which the itinerant electrons of interest are coupled by s d(or s f) -exchange inte-ractions to localized spins. This model has also been widely used to discuss transport properties, such as electrical resistivity, at various levels of approximation. '0 The first detailed theoretical discussion of itinerant electron relaxation times, as opposed to transport times, near the critical points of materials undergoing standard secondorder phase transitions was given by Entin-%ohlman, Deutscher, and Orbach. ' These authors calculated the spin-flip relaxation rate 1/r, t to second order in the exchange coupling ' and drew a number of conclusions concerning the expected temperature dependence of 1/7, t near the critical point t = ( T T, )/T, =0. We have -extended the work of Ref. 1 by taking into account the fact that the electrons have a finite mean free path, even in the absence of exchange coupling. This feature, which was emphasized by Fisher and Langer, " and extended by Richard and Geldart' in transport problems, turns out to have dramatic consequences for the scattering rate. The essential point is that even though electron scattering from phonons and static defects does not cause spin flips (in the usual model), all non-spin-flip scattering enters spin-flip transition rates even if the latter is treated in the Born approximation. The simplest way to take this into account is to write a Dyson equation for the electron self-energy
here XD is due to all non-spin-flip processes, including scattering from static defects and phonons, X,f is the spin- For initial simplicity, restrict attention to the paramagnetic state (T) T, ) and use the quasielastic approximation. That is, the time scale for localized spin fluctuations near T, is much larger than any other (electronic) time scales, so that Dk "(its"-ice ) is sharply peaked about t0 =to".Then only SaP (itu") is imPortant in Eq. (1) and, after analytic continuation to real frequencies, the spin-flip scattering rate is obtained from the imaginary part of the corresponding self-energy for electrons on the Fermi surface23 (p = kF, tp = 0): 
which is strictly independent of temperature. ' Thus, the "apparently" singular contributions from the small-q structure of G(q, T) cancel completely in a correct calculation. Due to Eq. (7), a similar situation exists for the small-q contributions to I/«, r, as is seen by rewriting Eq. (5) by scaling the q integration by~to obtain a contibution to I/«, tcc }t2t «= t2" "=tP"
since y= (2 -«})v. '4 This result is obviously sensitive to the evaluation of F(q, I'p), and we have emphasized that the finite conduction-electron lifetime, or mean free path, due to non-spin-flip scattering processes should not be neglected. To see this most clearly, set q=0 in Eq. (6), which forces p = k~, so the integration is trivial, giving F(q=o, r, )=I/(~r, ) .
(7)
Thus the q 0 limit and the I 0 0 limit cannot be freely interchanged, and for any physical situation with finite I q the q dependence of F(q, I ) is regular near q =0. In this case, the small q structure of Eq. (5) (4)]. It has previously been emphasized that this separation of the long-range order in band structure introduces a type of mean-field approximation which should be avoided, as it is unreliable in the critical temperature region, ' ' and a detailed discussion, including a derivation of the Boltzmann equation which describes the scattering events in the critical regime, ' has also been given. 0 The net result is that the above separation should not be made for T = T, to describe finite distance correlations and the magnetization squared does not enter I/r, r. In other words, since the non-spin-flip mean free path is finite, it is again the short-distance (R & 
